The observation that derivatives of phenothlazine accelerate hemolysis of horse erythrocytes by saponin and by lysolecithin (Collier and Alien, 1942 b) led to the suggestion that the acridine antiseptics, such as acriflavine and proflavine, might show similar properties. There are very few references in the literature to the effect of these compounds upon erythrocytes. Fleming (1917) reported an agglutination of human red cells by acriflavine, and Bohland (1919) claimed that intravenous injection of trypaflavine brought about a reduction in the erythrocyte count. Meleney and Zau (1925) found that injection of acriflavine into rabbits had no effect upon the red cell count or fragility; in vitro, however, a marked increase in hypotonic fragility was produced.
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Methods
The acridine antiseptics used were proflavine B.D.H. 1 (3,6-di~minoacridine sulfate, C~m. Abs~r. system) and euflavine B.D.H. 1 (neutral acriflavine, a partially N-methylated diaminoacridine). In preliminary experiments these two drugs appeared to give identical results; consequently all subsequent experiments were carried out with proflavine alone.
The accelerating or inhibiting effect of these compounds on hemolysis was measured by the method of Ponder (1934) which involves the construction of time-dilution curves, and the determination of R, the ratio of dilutions giving the same degree of hemolysis in treated and untreated samples. The 1 British Drug Houses.
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The Journal of General Physiology R values reported below were determined from 10 minute dilutions in all cases, but were found to be virtually constant at various intervals up to 10 minutes.
The actual conditions for hemolysis and method of measurement were those described by Wilbur and Collier (1943) . Erythrocytes from defibrinated blood were washed three times with buffered saline, pH 7.4, and made up to 1:250 dilution in the same saline. Hemolysis was followed photoelectrically, at a temperature of 22-23 ° C., and 50 per cent hemolysis was taken as the end-point 3
RESULTS
Rabbit Erflhrocfles.--Time-dilution curves were obtained with suspensions of rabbit erythrocytes in buffered saline and in the saline containingproflavine at a concentration of 2 X 10 -* M (about 1:15,000), the cell suspension being added to the proflavine solution immediately before the determination.
The results of a typical experiment are illustrated in Text- fig. 1 , from which it is seen that saponin hemolysis is very strongly accelerated, whereas the action of lysolecithin is slightly inhibited. (Under the conditions of the experiment proflavine alone, in the absence of lysin, caused no hemolysis or shape change in the cells.) In experiments on blood from four animals the average R value for saponin hemolysis was 0.48 4-0.01. The millimolar acceleration 1--R constant, A -, (Ponder and Hyman, 1939 ) is therefore about 2.6. Human Erythrocytes.--Cells from two specimens of human blood were tested as described above, with essentially similar results. The proflavine alone caused no hemolysis or shape changes. For saponin the g values were 0.62, 0.63; A = 1.9. Lysolecithin was slightly inhibited (R = 1.05), the degree of inhibition being almost within the limits of experimental error.
The photoelectric opacity method for measuring per cent lysis of a cell suspension has been justified by a comparison of opacities with cell counts, using very slow hemolysis by saponin and by lysolecithin. The two methods agreed within the limits of experimental error. Centrifugation and determination of the Hb concentration of the supernatant gave results that indicated too high a degree of hemolysis.
Dog Erythrocytes.--When saponin was added to a suspension of dog cells in 2 X 10 -4 M proflavine it was observed that the opacity of the suspension at first increased and then decreased as hemolysis set in. This alteration in opacity indicated a change in shape of the erythrocytes, which was confirmed by microscopic observation, s
The changes in dog erythrocytes caused by proflavine are illustrated in Fig. 1 . The washed calls in buffered saline (glass slide and cover-slip) were crenated spheroids with a diameter of about 6 ~ (Fig. 1 a) . Five minutes after the addition of proflavine the forms seen in Fig. 1 MINUTES T~XT-FIo. 1. Effect of proflavine, 2 X 10 -~ M, on hemolysis of rabbit erythrocytes. Curve A, saponin, standard curve; curve B, saponin -t-proflavine; curve C, lysolecithin, standard curve; curve D, lysolecithin + proflavine. outline upon a rim. After 30 minutes all the cells had changed to rods (Fig.  1 c) of about 13/~ in length and 2/~ in width.
The deformation was apparently not due to a reaction with the cell contents. In the presence of saponin similar changes occurred, but loss of hemoglobin took place, finally revealing only the faint outline of rod-shaped ghosts. (As mentioned above, rabbit and human erythrocytes remained unaltered in shape in the presence of proflavine.) Because of these changes in form and in opacity SThe measurement of opacity of a cell suspension in the photoelectric photometer is a sensitive means of detecting shape changes in the erythrocytes. For example, addition of saponin to a suspension of rabbit, human, or dog cells gives rise to a transitory increase in opacity suggesting disking (Wilbur and Collier, 1943) , the washed cells being usually crenated spheroids. Under the microscope it was confirmed that addition of saponin brought about an initial flattening prior to hemolysis. Sodium oleate causes this flattening to a marked degree, while lysolecithin causes immediate sphering.
it was impossible to measure precisely the accelerating action of proflavine on saponin hemolysis of dog erythrocytes. In two experiments apparent R values of 0.71 and 0.85 were obtained; the actual acceleration would be greater than is represented by these values.
DISCUSSION
It has been found that proflavine is a very powerful accelerator of saponin hemolysis of the erythrocytes of the rabbit, man, and dog. The acceleration constant of 2.6 for rabbit cells is of the same order of magnitude as was obtained by Ponder (1939) for the halogen derivatives of benzene and naphthalene, and is greater than the constant, 0.7, for indole (Ponder, 1941) .
Lysolecithin hemolysis is not accelerated by proflavine but is actually inhibited to a slight degree. This fact appears to offer further evidence that saponin and lysolecithin have different mechanisms of lytic action (Wilbur and Collier, 1943) . As suggested by Ponder (1941 Ponder ( , 1943 ) the accelerating substance almost certainly acts through its effect upon the erythrocyte membrane. This alteration in the cell membrane (possibly a stretching or compression of the film, or a change in the surface forces, as indicated by shape changes) may facilitate or retard the action of a given" lysln, depending upon its mode of action.
A possible explanation of the action of the acridine derivatives is that they combine with cephalin, which is a part of the erythrocyte membrane (see Ponder, 1943) . Chargaff and Ziff (1939) observed that cephalin forms insoluble compounds with certain basic dyes; and we have found that proflavine forms precipitates with both cephalin and lecithin.
No explanation can be offered for the peculiar shape changes observed in dog erythrocytes in the presence of proflavine. The rod-like forms resemble those observed by Florman and Wintrobe (1938) in cases of ovalocytosis. Diggs and Bibb (1939) have described cells found in cases of sickle cell anemia which are somewhat like the proflavine forms.
It may be of interest to note that the thiazine derivatives and the acridine derivatives appear to have the following properties in common: antibacterial action; inhibition of cholinesterase (Collier and Allen, 1942 a) ; acceleration of hemolysis (Collier and Allen, 1942 b) .
Addendum.--In preliminary experiments with the new antiseptic, 9-aminoacridine, supplied through the kindness of Dr. G. J. Martin, Research Director of the National Drag Co., Philadelphia, the foUowing results were obtained:-There were no shape changes in dog, rabbit, or human erythrocytes. In hemolysis experiments at 2 X 10 -4 ~ concentration the R values were: saponin--rabbit cells 0.56, dog cells 0.54; lysolecithin--rabbit cells 1.09, dog cells 1.08. The hypotonic fragility of rabbit erythrocytes was very slightly increased by the same concentration of the drug.
SUMMARY
Prottavine is a very powerful accelerator of saponin hemolysis of rabbit, human, and dog erythrocytes. Lysolecithin hemolysis, on the other hand, is inhibited.
Dog erythrocytes in the presence of prottavine undergo marked changes in shape, finally becoming rods of about 13 tt in length. Rabbit and human erythrocytes are not altered in form under these conditions.
